These medullary 5-HT neurons receive sensory inputs for O 2 , CO 2 , and temperature, and regulate protective responses to physical stresses such as hyperthermia, hypoxia, and hypercapnia (1). Medullary 5-HT neurons project to respiration-related neurons in the ventral medulla and affect respiratory patterns (2) . They act as sensors of CO 2 /pH (3) and enhance ventilatory responses to hypercapnia (4) . They also project to the hypoglossal and solitary tract nuclei of the dorsomedial medulla oblongata (DMM) (5, 6) . The hypoglossal nucleus regulates genioglossal muscle tone, which is known to act against obstructive sleep apnea (7). The solitary tract nucleus receives primary afferent inputs from the lungs. Therefore, it is likely that ventilatory and airway responses to hypercapnia are controlled, at least in part, by medullary 5-HT projections to the DMM. We hypothesized that hypercapnia elicits 5-HT release and that 5-HT acting on 5-HT 1A receptors in the DMM affects ventilatory and airway responses to hypercapnia in infant rats. We tested this hypothesis using microdialysis with double-chamber plethysmography in unanesthetized infant rats.
Materials and methods
Male and female pre-weanling Wistar rats (14-22 days old, 34.4 ± 2.2 g; Saitama Experimental Animals Supply Co., Saitama, Japan) were used. The mothers had free access to food and water, and were housed on a 12/12 hr light-dark cycle with lights on at 8:00 AM. This study was reviewed and approved by the Institutional Animal Care and Use Committee of Showa University.
The pups were anesthetized intraperitoneally with pentobarbital sodium (0.5 mg/0.1 ml saline/10 g body weight), fixed on a stereotaxic frame for mice with the tooth bar lowered 10 mm for pups, and locally anesthetized with 0.5% bupivacaine hydrochloride hydrate. A microdialysis probe (CMA/7; 1-mm membrane length; 0.24-mm diameter; 6000-Da cutoff;
Carnegie Medicin, Stockholm, Sweden) was inserted into the DMM (0.5 mm lateral to the midline, 0.8 mm rostral to the obex, and 1 mm in depth from the dorsal brain surface) and fixed to the cranial bone with dental cement. The subsequent experimental procedures have been described in detail previously (13, 14) . Briefly, the rats were placed in a double-chamber plethysmograph provided with air flow in each chamber at 150 ml/min.
Rectal temperature was controlled at 37 C by a heating blanket during surgery and a heat lamp throughout the entire experimental period.
Artificial cerebrospinal fluid (aCSF; 121.1 mM NaCl, 5 mM KCl, 24 mM NaHCO 3 , and 1.5 mM CaCl 2 ) was adjusted to pH7.4 with 95% O 2 and 5% After experimentation, brains were removed and fixed in formalin.
Microdialysis probe placement was verified in coronal sections (50-m thickness) under a light microscope.
5-HT release in the DMM and ventilatory and airway variables were expressed as mean ± SEM in both perfusion groups. Results were analyzed with a two-way repeated-measures analysis of variance using SPSS software. P < 0.05 was considered statistically significant.
Results
Hypercapnic gas inhalation significantly increased 5-HT release in the DMM in a dose-dependent manner, with no difference between the aCSF and WAY-100635 groups (Fig. 1, top) . The microdialysis probe sites were in the solitary tract nucleus, the dorsal motor nucleus of the vagus nerve, and the hypoglossal nucleus. Their distributions were similar in both groups (Fig. 1, bottom) .
Inhalation of gas at increasing concentrations of CO 2 significantly increased the respiratory rate (RR), tidal volume (V T ), minute ventilation
, and the change in specific airway resistance (∆sR aw ) in a dose-dependent manner, with no significant difference between the aCSF and WAY-100635 groups (Fig. 2 ).
There was a significant interaction between time and perfusion medium on the onset of hypercapnic responses at 5% CO 2 . RR, V T , and V ． E increased gradually, reaching a peak at 1.5-2.0 min in the aCSF group, and values were significantly higher than in the WAY-100635 group until 2 min (Fig. 3 ). There was a main effect of perfusion medium on ∆sR aw . In the aCSF group, ∆sR aw increased slowly and reached a peak at 3.5 min during 5% CO 2 inhalation, and was significantly higher than the WAY-100635 group.
Discussion
We found that 1) 5 
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